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Mild acidic pHAnnexin 2, a member of the annexin family of Ca2+-dependent membrane binding proteins is found in
monomeric and heterotetrameric forms and has been involved in different membrane related functions. The
heterotetrameric annexin 2 is composed of a dimer of S100A10, a member of the S100 family of Ca2+ binding
proteins and two annexin 2 molecules ((Anx2-S100A10)2). Different molecular models including tetramers
and octamers in which S100A10 is localized in the centre of the complex with the annexin 2 molecules
positioned around S100A10 had been proposed. Herein, the organization of the (Anx2-S100A10)2 complex
in conditions in which membranes are able to bridge was studied. We performed Cryo-electron microscopy
observations of the tetrameric annexin 2 on the membrane surface, and study the S100A10 accessibility to
antibodies by ﬂow “cytometry”. We also studied the kinetics and size evolution of vesicle aggregates by
dynamic light scattering. The results show that the protein is able to organize in three different arrangements
depending on the presence of Ca2+ and pH and that the aggregation is faster in the presence of Ca2+
compared with the aggregation in its absence. In one arrangement the S100A10 molecule is exposed to the
solvent allowing its interaction with other proteins. The presented results will serve as a molecular basis to
explain some of the functions of the tetrameric annexin 2., heterotetrameric annexin 2;
vesicles; PG, Phosphatidylgly-
des Biomolécules, Groupe N. J.
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Annexin 2 (Anx2) is one of the most complex members of the
annexin family of Ca2+-dependent membrane binding proteins. It can
be found inmonomeric, dimeric and heterotetrameric forms, it is able to
bind to membranes in the absence of calcium and in mild acidic
conditions and has been involved in different membrane related
functions such as exocytosis, endocytosis, cell junction formation,
membrane-cytoskeleton scaffolding and ﬁbrinolysis (for reviews see
[1,2]). The heterotetrameric annexin 2 is composed of a dimer of
S100A10, the member of the S100 family of Ca2+ binding proteins that
does not bind Ca2+, and two annexin 2 molecules ((Anx2-S100A10)2).
The tetramer is stabilized by the interaction of the 12 N-terminal
residues of Anx2 with S100A10. Both proteins and the complex ofS100A10 with an N-terminal peptide containing the ﬁrst 14 residues of
annexin 2 have been crystallized [3–6]. However, the structural
arrangement of the Anx2-S100A10 complex has not been solved at
present. Based in experimental data, different models including
tetramers and octamers in which the S100A10 is localized in the centre
of the complex with the annexin 2 molecules positioned at different
angles around S100A10 had been proposed [7,8].
Structural studies by cryo-electron microscopy of the (Anx2-
S100A10)2 complex formingmembrane bridges in chromafﬁn granules
and large unilamellar vesicles (LUV, dioleoylphosphatidylcholine/
dioleoylphosphatidylglycerol, 4/1) at pH 7.4 in the presence of Ca2+,
revealed three protein stripes between the membrane bilayers. This
suggested that theproteinwasorganizedwith the S100A10dimer in the
centre of the bridge and two annexin 2 molecules in opposite
orientation in contact with the membrane phospholipids [9]. However,
studies performed at pH 6 with phosphatidylcholine/phosphatidylser-
ine (PS) (3/1) LUV showed that the protein forming the membrane
bridges was not organized in well deﬁned stripes [10]. By atomic force
microscopy on supported bilayers (dipalmitoylphosphatidylcholine/
dipalmitoylphosphatidylserine, 4/1) at pH 7.4 in the presence of Ca2+,
the protein was found to bind the membrane in an open conformation
with its two annexinmolecules contacting the phospholipid bilayer and
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that the (Anx2-S100A10)2 is able to adapt its conformation depending
on the intracellular environment.
In this work, the organization of the (Anx2-S100A10)2 complex in
conditions in which the protein is able to bridge membranes was
studied. We observed the complexes of tetrameric annexin 2 in
contact with membranes by cryo-electron microscopy and developed
a method based on cytometry to analyse the accessibility of S100A10
to antibodies and we used dynamic light scattering (DLS) to study
aggregate distribution and dynamics. The results show different
spatial arrangements of annexin 2 and S100A10 subunits depending
on the presence of Ca2+. In addition, these arrangements result in
different dynamics of aggregate formation. The functional implica-
tions of this conformational ﬂexibility are discussed.
2. Materials and methods
2.1. Materials
Recombinant human Anx2 produced in the yeast S. cerevisiae and
recombinant human S100A10 expressed in E. coli were puriﬁed as
previously described [12]. The tetrameric complex (Anx2-S100A10)2
was obtained by mixing equimolar quantities of AnxA2 and S100A10.
The monoclonal anti-S100A10 antibody was purchased from Trans-
duction Laboratories and the Alexa-488-labelled anti-mouse IgG from
Invitrogen. The afﬁnity puriﬁed rabbit polyclonal anti-S100A10
antibody was prepared in our laboratory. Egg L-α-Phosphatidyl-DL-
glycerol (PG) and brain L-α-glycerophosphatidyl-L-serine (PS) were
purchased from Sigma. di-4-ANEPPDHQ was obtained from Dr Leslie
M. Loew (Connecticut, USA).
2.2. Tetrameric Anx2 binding to large unilamellar vesicles
PG large unilamellar vesicles (LUV) were prepared by extrusion as
previously described in buffer A (Hepes 40 mM, pH 7.2, KCl 30 mM,
EGTA 1 mM) [13]. (Anx2-S100A10)2 binding to membranes was
performed in three different conditions. 25 μg of tetrameric Anx2
were incubated with 10 μg of LUV in 90 μl of either buffer A (pH 7.2),
buffer B (MES 40 mMpH 6, KCl 30 mM, EGTA 1 mM) or buffer C (Hepes
40 mM, pH 7.4, KCl 30 mM, EGTA 1 mM. Free Ca2+ concentrationswere
obtained by EGTAbuffering as previously described [14]. After 10 min of
incubation the sampleswere subjected to170000 ×g centrifugation and
the pelletswere recovered in Dulbecco's phosphate buffered saline (PBS
from PPA, Laboratories GmbH, Austria) containing 5 mM EGTA. The
relative membrane content was measured by the incorporation of the
ﬂuorophore di-4-ANEPPDHQ to the membranes (excitation 480 nm,
emission 620 nm). This molecule does not ﬂuoresce in solution and
therefore, only the membrane bound form is detected allowing the
quantiﬁcation of pelleted membranes. It must be noticed that the
membranes used in this study were in a ﬂuid state and therefore this
parameter didn't perturb the spectra allowing accurate quantiﬁcation of
membranes. Equivalent quantities of membranes were analyzed by
SDS-PAGE and western blot against S100A10 using an afﬁnity puriﬁed
rabbit polyclonal antibody and against annexin 2 using a polyclonal
rabbit antibody by standard procedures and the detection was
performed with the ECL reactive from Amersham. The quantiﬁcation
of the scanned bands was performed with the program ImageJ.
2.3. Cryo-electron microscopy
15 µg of LUV (PG) were mixed with 15 µg of (AnxA2-S100A10)2 in
buffers A, B, and C. The ﬁnal concentration of the suspension was 1 mg/
ml. After 15 min of incubation the annexin–LUV suspensions were
vitriﬁed by plunging in liquid ethane, as described in [15]. The grids were
mounted in a Gatan-626 cryo-holder and cryo-TEM observations were
performed at −170 °C on a Philips CM120 operating at 120 kV.Micrographs were recorded at a magniﬁcation of 45000× under low
dose conditions.
2.4. Flow cytometry
To measure the accessibility of S100A10 to antibodies, 25 μg of
tetrameric Anx2 were incubated with 10 μg of LUV in 90 μl of buffer A
(pH 7.2), buffer B (pH 6), buffer C (pH 7.4 at different free Ca2+
concentrations obtained by EGTA buffering as previously described
[14]) or in PBSwith orwithout Ca2+. After 10 min of incubation at room
temperature, 50 µg of BSA (5 µl) were added to saturate non speciﬁc
antibody binding sites and the samples were incubated for 10 min. The
samples were subjected to 170000 ×g centrifugation in a TL100
centrifuge (Beckman) for 20 min and the pellets were recovered with
100 µl of buffer containing BSA. 2.5 µl of buffer containing the mouse
monoclonal anti-S100A10 antibody (1:300 dilution) were added and
the sampleswere incubated for 30 min. LUVwere centrifuged as before,
washed once with 100 µl of buffer and centrifuged. The pellets were
recovered with 100 µl of buffer containing BSA. 2 µl containing the
Alexa488 labelled anti-mouse IgGantibody(1:600dilution)were added
and the samples were incubated for 30 min. LUV were centrifuged as
before, washed once with 100 µl of buffer and centrifuged. The control
samples were prepared without the primary anti-S100A10 antibody.
The pelletswere recovered in 500 µl of buffer, vortexed and analyzed by
ﬂow cytometry.
The quantiﬁcation of the forward scatter (FSC) and the side scatter
(SSC) was performed using a LSR II cytometer (Beckton Dickinson)
equipped with a 15 mW 488 nm air cooled argon ion laser. A constant
SSC detector was used. FSC was set in log scale. Alexa-488 ﬂuorescence
signals were measured using sequentially a 488 nm band-block ﬁlter, a
550 nm dichroic lens, and a band pass ﬁlter at 525±20 nm. For each
experiment, 10000 to 50000 events were collected.
2.5. Dynamic light scattering
The hydrodynamic radius and polydispersity of LUV and LUV
aggregates were performed with a DynaPro from Wyatt Technology
Corporation equipped with an 826 nm laser. The scattered light was
collected at 90° by an optic ﬁbre until it reached the detector. The
autocorrelation function of the scattered light was analyzed with a
Dynamics V5 software by a monomodal algorithm which assumes a
Gaussian distribution of the particle size and by a regularisation
algorithm which ﬁts the autocorrelation data without restricting the
shape or modality of the size distribution (based on a Laplace inversion
and non-negative least squares methods). This allowed us to obtain the
mean radius and polydispersity index of LUV and LUV aggregates.
Samples were prepared with 1.25 μg of LUV in 125 μl of buffer (A, B
or C). All the solutions were ﬁltered through 0.2 μm ﬁlters Nanosep MF
gFP, Pall Life Science) to eliminate large aggregates, dust particles or
bubbles. Aggregation was started by addition of 1.5 μg of tetrameric
annexin 2 and DLS was followed during 4 min for short term kinetic
measurements. For long term aggregation, the measurements (10 min)
were performed 3 h after protein addition to LUV. The acquisition time
was performed by accumulation of data points during 10 s and the
experiments were performed at 25 °C.
3. Results
In order to study the molecular arrangement of the (Anx2-
S100A10)2 complex we incubated the protein with PG (3/7) LUV in
three different conditions. pH 6 tomimic the proton dependent binding
to the plasma membrane [16], pH 7.2 in the absence of Ca2+ to mimic
the Ca2+-independent binding to endosomes [17,18], and pH 7.4 in the
presence of the ion to mimic the suggested role in Ca2+-dependent
exocytosis [19,20].Weused rich PG and rich PS LUV systems to have the
Fig. 1. Tetrameric annexin 2-membrane bridges in the absence of calcium. Electron
microscopy images of tetrameric annexin 2-LUV (PG) membrane complexes at A; pH 6,
and B; pH7.2. Bars, 40 nm. The schematic representation of theprotein organization. Black
stripes; membrane bilayers. Dark grey rectangles; annexin 2 and S100A10 proteins.
Fig. 2. Tetrameric annexin 2-membrane bridges in the presence of calcium. Electron
microscopy images of tetrameric annexin 2-LUV (PG) membrane complexes at pH 7.4 in
thepresenceof 1 mMfreeCa2+.Notice theprotein spikeson the LUVsurface (arrows). Bar,
40 nm. Bottom, schematic representation of the protein organization. Black stripes;
membrane bilayers. Dark grey rectangles; annexin 2. Light grey rectangles; S100A10.
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branes and on the vesicle surface.
3.1. Tetrameric annexin A2 organizes differently at the membrane
surface
(Anx2-S100A10)2 complex organization on LUV surface and
bridges is shown in Figs. 1 and 2. At pH 6 in the absence of Ca2+
(Fig. 1A), the protein was found to cluster at the level of membrane
bridges constituted of 6 electron dense stripes. The surface of vesicles
not involved in the junctions seemed to be free of protein. At pH 7.2 in
the absence of Ca2+ (Fig. 1B), the bridges were found to be composed
of 6 stripes of electronic density similarly to the organization found at
pH 6. However, in these conditions the proteinwas able to form stacks
of ﬂattened membranes resulted from vesicles disruption. The surface
of the vesicles outside the junctions was also free of protein. At pH 7.4
in the presence of Ca2+ the protein formed quite different structures
(Fig. 2). The membrane bridges were constituted of 7 stripes and the
vesicles surface outside the junctions was covered with protein
(arrows in Fig. 2). The cryo-EM images showing the frontier between
the membrane bridges and the protein covered surface suggest that
S100A10 was exposed to the solvent. The measurement of the
distances of the different stripes in the membrane bridges and on the
free LUV surface suggested that the bands with the small spikes
(4.5 nm) might be composed of one stripe of Anx2 and a second of
S100A10, and not two Anx2 molecules (6 nm).
3.2. The S100A10 subunit is exposed to the solvent in the presence of Ca2+
To test the hypothesis that the S100A10 is exposed to the solvent,
experiments of immunodetection using ﬂow “cytometry” were per-
formed. LUVwere incubated in the three experimental conditions (pH 6,pH 7.2 and pH 7.4 with Ca2+) and the immunoreactivity against
S100A10 was measured with a monoclonal anti S100A10 antibody
followed by an Alexa-488-labelled secondary antibody. The quantity of
S100A10 and annexin 2 bound to membranes was measured as
described in Section 2.2. Fig. 3A shows that the quantity of proteins
bound to membranes in the different conditions was essentially the
same (maximum variability of 10%).The S100A10/Anx2 ratio was
therefore conserved in the three experimental conditions. Fig. 3B
shows the concentrated cloud of detected events corresponding to the
LUVpopulation (lowSSC andFSC). The addition of the (Anx2-S100A10)2
complex changes the distribution of LUV to a zone of higher size and
granulocity (Fig. 3C). This up positioned cloud of events corresponds to
LUVaggregatedby theprotein. This behaviourwas identical for the three
conditions. Therefore, these aggregated (Anx2-S100A10)2 complexes
containing LUV were chosen to follow the speciﬁc S100A10 related
ﬂuorescence. Fig. 3D represents a typical experiment that shows the low
background ﬂuorescence of a control sample (without primary
antibody). This background was also similar for the three experimental
conditions. The analysis of the S100A10 speciﬁc ﬂuorescence shows that
Fig. 3. Analysis of S100A10 accessibility to solvent byﬂuorescence cytometry. A;western blot for S100A10 (top) and annexin 2 (bottom) quantiﬁcation. The samemembranequantitywas
loadedon the gel. Quantiﬁcationwasperformedas described in the Section 2.2. B; dot plot of LUV atpH7.4with 1 mMCa2+. C; dot plot of LUVaggregatedby tetrameric annexin 2 at pH7.4
with 1 mM Ca2+. D; Fluorescence proﬁle of the aggregated LUV in the absence of primary antibody at pH 7.4 with 1 mM Ca2+ (background ﬂuorescence). E; Fluorescence proﬁle of the
aggregatedLUVatpH6. F; Fluorescenceproﬁle of the aggregatedLUVat pH7.2.G; Fluorescenceproﬁle of the aggregated LUVatpH7.4with1 mMCa2+.Histograms for thequantiﬁcationof
the S100A10 relativeﬂuorescence in different LUVs and buffers. H; in PG LUV at pH 7.2 in the absence of Ca2+ (0 Ca) and pH7.4 in the presence of 1 μMand 1 mM free Ca2+. I; in PS LUV at
pH 7.2 in the absence of Ca2+ (0 Ca) and pH 7.4 in the presence of 1 μMand 1 mM free Ca2+. J; in PS LUV in PBS pH 7.2 in the absence of Ca2+and in the presence of 1 μMand 1 mMCa2+.
Means of 6, 3 and 2 independent experiments.
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similar (Fig. 3E and F). On the contrary, the ﬂuorescence for the LUV at
pH 7.4 in the presence of 1 mM Ca2+ was signiﬁcantly increased
(Fig. 3G). To quantify the difference in ﬂuorescence, the mean
backgroundﬂuorescencewas subtracted and the values were compared
to the pH 7.2 condition arbitrarily designed as 1. The relative values of
S100A10 ﬂuorescence were 1 for pH 7.2 and 2.1±0.8 for pH 7.4 in the
presence of 1 mMCa2+ (Fig. 3H). The difference between pH 7.2 and pH
6 in the absence of calcium was very small (0.8±0.1 for pH 6 not
shown). Together, these results show that S100A10 is efﬁciently
exposed to the antibody in the presence of Ca2+ and that this is not
due to a difference in the quantity of S100A10 or annexin 2 bound to the
membranes.
Considering that the PG and the salt concentration used in the ﬁrst
experiments are not representative of the eukaryotic intracellular
milieu, we studied the S100A10 expositionwith LUV composed of PS a
natural ligand of annexin 2, at salt concentrations physiologicallyrelevant (PBS) and at low Ca2+ concentration (1 µM). As shown in
Fig. 3H, for PG LUV in low salt buffer, the exposition of S100A10 was
higher at 1 µM (3.9±1.3) than at 1 mM Ca2+ (2.1±0.8). Fig. 3I shows
that with PS in low salt buffer, S100A10 seemed not to be exposed at
1 mM calcium but it is exposed at 1 µM Ca2+. Finally with the natural
phospholipid ligand PS and at physiological salt concentrations (PBS),
we observed that S100A10 is also exposed to the solvent at 1 µM Ca2+
(Fig. 3J).
3.3. The size and the kinetics of vesicles aggregated by tetrameric
annexin 2 differ in the absence and in the presence of Ca2+
One hypothesis to explain the observed fact that the calcium
concentration modulates the S100A10 exposition to antibodies as
shown in Fig. 3 is that the surface/mass ratio of the aggregated vesicles
is lower at high calcium concentrations. In this case small aggregates
with a larger surface/mass ratiowould be able to expose relativelymore
Fig. 4. Size distribution of LUV (PG) aggregated by tetrameric annexin 2. The size
distribution of the subpopulation of higher size aggregates is shown. Means of three
independent measurements.
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this hypothesis we performed vesicle aggregate measurements by
dynamic light scattering (DLS). Firstly, we veriﬁed that the size
distribution of LUV was essentially identical in the different conditions
used (mean hydrodynamic radius of 49 nm in Supplementary Fig. S1A).
The size distribution of tetrameric annexin 2-induced aggregates after
3 h of incubation showed a complex distribution with two or three
different populations of aggregates (Supplementary Fig. S1B). This
dispersion makes difﬁcult the analysis and the interpretation of the
whole population. However, the analysis of the subpopulation of higher
size aggregates shows that in 1 mMCa2+, the size of the LUV aggregates
is higher than at 1 µM Ca2+ and in the absence of the ion (Fig. 4). These
data is in agreement with the surface/mass ratio hypothesis.
Finally, the kinetics of LUV aggregation was studied by DLS in the
absence and the presence of different Ca2+ concentrations. As shown
in Fig. 5, the size of the aggregates and the kinetics (slope) of their
formation was slow at pH 6 and pH 7.2 in the absence of Ca2+. In the
presence of the ion, the kinetics of aggregation was faster and
independent of the Ca2+ concentration used (from 1 μM to 1 mM)
suggesting; ﬁrst, that the protein is organized similarly at all calcium
concentrations, and second, that the protein is organized similarly at
pH 6 and pH 7.2 in the absence of the ion.
4. Discussion
Annexin 2 is involved in many cellular membrane related events
such as exocytosis, membrane trafﬁc, endosomal organization, mem-Fig. 5. Kinetics of LUV aggregates formation byDLS. The size of aggregates (hydrodynamic
radius, Rh) was measured as described in the Section 2.5. pH 6 (■), pH 7.2 (●), pH 7.4
at 1 μMCa2+ (□), pH 7.4 at 10 μMCa2+ (Δ), pH 7.4 at 100 μMCa2+ (◊), pH 7.4 at 1 mM
Ca2+ (○).brane-actin scaffolding and ﬁbrinolysis (for reviews see [1,2]). More-
over, the protein had been shown to bind tomembranes in the presence
and in the absence of calcium and at low acidic pH in vitro and in vivo
[16–18,21]. It seems that several exocytosis related events involving
annexin 2 are dependent on calcium [20,22,23], that in the endosomes
trafﬁcking the annexin 2 calcium independentmembrane binding plays
an important role [17], and that the tetrameric protein is able to bind to
the plasma membrane at mild acidic pH in different conditions such in
hypoxia [16] (see also the reviews [1,2,19,24]). How can this protein
participate in suchdiverse events in thepresence or absence of calcium?
Does the protein behave similarly in all these intracellular events and
microenvironments? The basis of this functional complexity can be
understood at least in part, at the level of themolecular arrangements of
the protein. First, the two domains of Anx2, the N-terminal tail and the
C-terminal core could participate in different cellular functions. Second,
annexin 2 could be able to act as amonomer, as a dimer, or as a tetramer
when associated to S100A10. Third the conformation of the different
annexin 2 forms could change depending on the cellular environment
(i.e. Ca2+ concentration, pH, etc). Previously, we have shown that the
organization of the monomeric Anx2 bound to membranes is different
in the presence and the absence of Ca2+ and that the N-terminal tail
increases membrane bridging efﬁciency at acidic pH in the absence of
the ion [25,26]. The present study concerns the structural diversity of
the tetrameric annexin 2 when bound to membranes.
The ﬂexibility of the tetrameric annexin 2 has been previously
suggested by different approaches. The electron microscopy data of
membrane bridges at pH 7.4 in the presence of Ca2+ suggested that the
protein was structurally organized with a central S100A10 ﬂanked by
two annexin 2 molecules [9]. At acidic pH in the absence of the ion the
molecule was suggested to be able to move around the S100A10 as a
hinge, and to acquire a more “open” conformation [10]. This opened
arrangementwith the twoannexin2molecules bound to themembrane
and the S100A10exposedwas also suggested byAFMobservation of the
protein bound to supported bilayers in the presence of Ca2+ [11].
The calcium independent binding of annexin 2 was shown to be
modulated by the effect of cholesterol on the distribution (increase of
local concentration) of acidic phospholipids [27]. Herein, to favour the
massive organization of the protein bound to the membrane we used
PG and PS rich vesicles. The electron microscopy observations of
membrane bridges demonstrated that in the absence of Ca2+ (pH 7.2
or 6) the protein is organized in two stripes. Taking into account that
the quantities of S100A10 and annexin 2 are relatively constant in all
conditions (Fig. 3) we can postulate that the two protein stripes
between the membranes with a thickness of 6 nm contain a tetramer
“stretched” as shown in Fig. 6A. A similar conﬁgurationwas previouslyFig. 6.Models for the three differentmolecular arrangements of the tetrameric annexin 2.
Without calciumandatmild acidicpH(A), the protein is able to formmembranebridges in
a “stretched” conformation. In the presence of calcium the tetrameric annexin 2 is able to
acquire an “opened” conformation at the surface of the membranes (B, left), the S100A10
subunit protrudes and is exposed far from the phospholipid bilayer. When forming
membranebridges, theproteinwouldbeable tokeep the “opened” conformationand form
octamers (B,middle) or tobeorganized in the classical “closed” conformation (B right) and
remain in a tetrameric form.
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membrane might be stabilized by the interaction of the N-terminal
domain with the bilayer as shown by the monomer in the absence of
calcium but not in its presence [17,25,26]. Beside this similarity of the
protein organization without calcium at neutral pH and at pH 6, one
difference was noticed. In the case of neutral pH we observed the
formation of sacked lamellas of membranes and protein that were not
observed at pH6. At present this intriguing difference is not very well
understood. We cannot exclude the possibility that this is due to a
difference in protein organization, however, we believe that this ismore
related to the pH. In fact in a precedent study [10] we observed that the
membranes were more ﬂexible at pH 6 than at pH 7 in conditions in
which the tetrameric annexin 2 was not organized in well deﬁned
stripes between the membranes. The high concentration of protein
associated to the membranes (fully coverage with this 100% PG LUV)
will induce a massive formation of bridges. The growth of bridges will
result in a deformation of the vesicles, and this tendency, in concertwith
the rigidity of membranes at neutral pH would result in membrane
fragmentation allowing the stacking of fragments. At pH6, theﬂexibility
ofmembranes allows their deformationwithout rupture and stacking of
lamellas. In the presence of calcium the protein staying on the surface of
the membranes outside the junctions does not induce a massive
formation of bridges and the vesicles remain essentially spherical.In the
presence of Ca2+we demonstrated that, outside themembrane bridges,
the S100A10 is exposed to the solvent in agreementwith the work of C.
Steinem's group [11] and as illustrated in Fig. 6B. It must be noticed that
the exposition of S100A10 to the solvent, as measured by antibody
accessibility was observed in PG and PS LUV and in low and high salt
solutions. These facts suggest that the capacity of the protein to
modulate its conformation is principally modulated by the calcium
concentration and that ionic strength or the type of anionic phospho-
lipid are not determinant factors. At the level of membrane bridges we
observed the presence of seven stripes in agreement with the previous
work of A. Brisson's group [9]. However, the interpretation of the
tetramer organization is ambiguous. The classical conformation with a
central S100A10 dimer surrounded by two annexin 2molecules and the
superposition of two “open” structured tetramers are both possible
(Fig. 6B). In fact, it is alsopossible that theprotein acquires theopenedor
closed conformation depending on the availability of a second
membrane to form a bridge. Whether the complex is formed by
tetramers organized in a closed conformation or octamers [7,8] by
association of two tetramers in an open conformation is not known at
present.
One consequence of the different modes of organization of tetrameric
annexin 2was observed at the level ofmembrane aggregation kinetics. In
the absence of calcium, the aggregation of vesicles was slow compared to
that in the presence of calcium. The initial speed (ﬁrst 4 min) of vesicles
aggregation and the size of the aggregates were essentially the same in a
calcium concentration range from 1 µM to 1 mM (Fig. 5). However, the
sizeof theaggregatesmeasured3 h laterwashigher at1 mMcalcium.This
apparent discrepancy can be the result of the long term aggregation of
vesicle aggregates that could be favoured at high calcium concentration.
Independently of the cellular functions of the monomeric protein
[29], three functional implications of the tetramer conformational
ﬂexibility can be suggested. The ﬁrst is the different nature of the
membrane bridges. In the absence of calcium, the “stretched”
conformation may allow the membrane bilayers to be closer than in
the presence of the ion. These membrane bridges are more ﬂexible in
mild acidic conditions than in the presence of Ca2+ [10]. In the presence
of calcium, the “closed” conformation leads tomore distant membranes
and more rigid structures. These facts might regulate the membrane
fusion probability of different cellular vesicles or the membrane
ﬂexibility necessary, for example, in endosomal multivesicular forma-
tion. The second is the observed difference in the kinetics of membrane
bridging (Fig. 5). The Ca2+-dependent phenomena (usually the result of
a fast cell stimulation) seemed to need a protein conformation able toact as fast as possible while the Ca2+-independent functions would not
require such a fast aggregation. The third is the exposition of S100A10.
As it is known, S100A10 is a protein able to bind other proteins
(reviewed in [30]) such as several ion channels [31–33]. Moreover, in
the extracellular space rich in calcium, S100A10 seems also to be
required for the interaction with ﬁbrinolytic proteins [34–36]. In all
those cases, S100A10 needs both, to be bound to the membrane by the
Anx2 molecules, and to be accessible to its partners. These character-
istics are allowed by the opened conformation of the tetrameric
annexin 2.
5. Conclusion
In the present studywe show that the conformationalﬂexibility of the
tetrameric annexin 2 depends on the presence of calcium. Three different
arrangements were observed: 1) a “stretched” form able to form
membrane bridges in the absence of calcium. 2) a “closed” form with
the protein S100A10 in the centre of the molecule and 3) an “opened”
arrangement which results in the exposition of the S100A10 protein. The
“opened” and “closed” forms were observed in the presence of calcium.
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